A series of AMP analogs in which a terminal carboxylate residue, linked to C4' of the ribose moiety of adenosine by zero, one, or two methylene groups (1, 2 ,3 ) or by the unsaturated ethylidene link (4) replaces the phosphate anion, is tested for activity as substrates or effectors of three enzymes known to interact with AMP with a different degree of specificity. 2 -4 are substrates of AMP aminohydrolase, 3 and 4 are competitive inhibitors of adenylate kinase, and all acids produce competitive inhibition of the least specific enzyme, 5'-nucleotidase. These activities can be cor related with the intramolecular flexibility of anionic substituent and adenine base which in turn is expressed in typical shifts of the proton magnetic resonance signal of purine H-8. The uronic acid 1, having a rigid molecular conformation, is inactive towards two AMP-dependent enzymes and little active with the third, indicating that this type of compound is not suitable as a nucleotide an tagonist whereas nucleoside carboxylates of type 2 and 3 have a higher potential as effectors of nucleotide metabolism.
. Although the anti and gauche, gauche conformations predominate in solu tion [6] , certain conformation changes in enzymebound nucleotides are conceivable and have, in fact, been observed [7] , Therefore, in the group of en zymes with dual specificity described above it is not only necessary to establish the chemical nature of specificity-determining substrate groups, but knowl edge of their relative intramolecular arrangement is also required for an understanding of enzyme catal ysis. This aspect has found little attention in the study of nucleotide-converting enzymes, presumably because model compounds of variable molecular dimensions are not generally available in the nucleo tide series.
We have previously reported that adenosine 5'-phosphate (AMP) and a synthetic analog, 5'-deoxyadenosine 5'-acetic acid (3) have closely comparable structures and enzymatic activity [8] , indicating that a carboxylate anion can efficiently mimic a nucleo tide's phosphate group. AMP is a particularly inter esting and biochemically important mononucleotide: Besides its role as a nucleic acid precursor it is thought to participate in regulation of the cellular energy charge [9] , and it is an allosteric effector of enzymes like glycogen phosphorylase b [10] enough enzyme concentrations in the pH range from pH 6 to 7.5 to show normal hyperbolic kinetics under conditions of the spectrophotometric assay, eliminating the need for stopped flow methods. An interesting observation is that the rate of deamina tion of 2 and 4 increases while their affinity to the enzyme is lowered at higher pH values, but that this trend is noted for AMP when going to lower pH. The interaction of adenosine carboxylates with muscle adenylate kinase was studied using the rabbit and the porcine enzyme which differ only little in amino acid composition. Accordingly, the data sum marized in Table II Fig. 2) . In contrast to the situation observed with AMP deamin ase, the data in Table III indicate that AMP hy drolysis and inhibitor action have the same pHdependence.
Discussion
Little information is as yet available about the amino acid residues and architecture of AMP sites within the three enzyme molecules. Only one of them, muscle adenylate kinase, has been studied by X-ray crystallography [20] Only two of the adenosine carboxylates are com petitive inhibitors of adenylate kinase at the pH optimum of 7.6, where 95% of AMP molecules are dianionic (Table II) . It is reasonable to assume that in the Mg2+-activated enzymes one negative charge of a bound nucleotide is specifically neutralized by a metal ion while the phosphate group is being phosphorylated. As a carboxylate cannot engage in two interactions at a time its affinity towards the kinase must be decreased, in accord with the significantly larger difference between apparent K m and Ki values (as compared with nucleotidase). In this system homoadenosine 6'-phosphonates can be both sub strates or inhibitors [21, 22] In conclusion, we predict that nucleoside carbox ylates would be able to replace nucleotides in a variety of other enzyme systems provided they possess the proper molecular dimensions. One obvious reason for such exchangeability is that phos phates and carboxylates may engage in the same type of electrostatic plus hydrogen bond interactions with active site arginine residues [ 
